Abstract. The purpose of this study was to investigate the effects of semen collection into tubes containing extender supplemented with BSA on the cryosurvival of goat spermatozoa. Semen was collected from two goats into empty tubes or tubes containing 10 ml extender supplemented with 0, 0.1, 1, or 5% BSA, and the washed spermatozoa were frozen as pellets in egg yolk-trehalose extender with the addition of 0.04% SDS and 4% glycerol. Sperm motion parameters were evaluated after postthawing and during a thermal resistance test. The acrosome status of frozen-thawed spermatozoa was also observed using FITC-PNA staining. In frozen semen that was collected into tubes containing extender supplemented with 5% BSA, the post-thawed spermatozoa exhibited a significant improvement in motion parameters and maintained high motility throughout incubation and acrosome integrity, as compared with semen collected into tubes containing extender supplemented with lower concentrations of BSA. In conclusion, semen collection into tubes with a large volume of extender containing high concentrations of BSA dramatically improves the motility and acrosome integrity of frozen-thawed spermatozoa. This suggests that the in vitro functional freezability of spermatozoa is abruptly modified by reducing contact with seminal plasma and by flash contact with BSA at ejaculation.
hrough comparison of in vitro survival of ejaculated and epididymal spermatozoa, Blash et al. [1] confirmed that the motility and acrosome integrity of frozen-thawed goat epididymal spermatozoa are higher than those of ejaculated spermatozoa. Similar observations with boar epididymal spermatozoa have been reported by Kikuchi et al. [2] and Rath et al. [3] . It has also been shown that removal of seminal plasma by washing or dilution of spermatozoa immediately after c o l l e c t i o n i n c r e a s e s t h e c r y o s u r v i v a l o f s p e r m a t o z o a [ 4 , 5 ] , a l t h o u g h e j a c u l a t e d spermatozoa, even after washing, are incapable of a t t a i n i n g t h e p o s t -t h a w q u a l i t y f o u n d i n epididymal spermatozoa [6] . This evidence indicates that accessory sex gland secretions might confer extremely detrimental effects on the p h y s i o l o g i c a l f u n c t i o n s o f e p i d i d y m a l spermatozoa, i.e., the freezability of epididymal spermatozoa is dramatically altered by contact with t h e s e f l u i d s o f t h e g l a n d s a t e j a c u l a t i o n . Nevertheless, until recently no attention has been paid to whether the freezability of ejaculated spermatozoa is abruptly influenced by flash contact of sperm with accessory reproductive fluids at the moment of ejaculation.
In order to determine the effects of reducing contact between seminal plasma components and the sperm membrane, we previously examined whether the motility parameters and acrosome integrity of goat ejaculated spermatozoa were affected by collecting semen into tubes containing an extender supplemented with BSA. Our results showed that semen collection into tubes containing a l a r g e v o l u m e o f t r i s ( h y d r o x y m e t h y laminomethane)-citric acid-glucose extender provides high sperm motility and acrosome integrity, especially extender containing high concentrations of BSA, and greatly improves the quality of ejaculated spermatozoa [7] . These findings suggest that dilution of ejaculates with a large volume of extender containing BSA in tubes r e d u c e s c o n t a c t b e t w e e n s e m i n a l p l a s m a components and spermatozoa, and minimizes the various kinds of damage due to exposure to seminal plasma. Therefore, it is possible that semen collection into tubes containing a large volume of extender supplemented with BSA could improve the cryosurvival of ejaculated spermatozoa.
The objective of the present study was to investigate whether semen collection into extender supplemented with BSA would improves the freezability of goat ejaculated spermatozoa in order to better understand the significance of reducing contact between seminal plasma components and the sperm membrane on the characteristics of ejaculated semen.
Materials and Methods

Semen extender and freezing extender
T h e b a s i c s e m e n e x t e n d e r w a s tris(hydroxymethyl-aminomethane)-citric acidglucose (TCG) solution containing 375.0 mM tris (Sigma, St. Louis, MO, USA), 124.0 mM citric acid (Sigma), and 41.0 mM glucose (Sigma). This solution was adjusted to pH 7.0 with 375.0 mM tris and diluted with the milli-Q water to give an osmotic pressure of 375 mOsm [8] .
The freezing extender was 0.375 M trehalose solution (Sigma). This solution was adjusted to pH 7.0 with 375.0 mM tris and to an osmotic pressure of 375 mOsm. Sodium dodecyl sulfate (SDS; Sigma) was added to a final concentration of 0.04% (w/v). Egg yolk was separated from the albumen by blotting on filter paper. The yolk membrane was broken, and 20% (v/v) liquid yolk was added to the trehalose solution containing SDS, which was then stirred for 40 min. The extender-containing egg yolk solution was centrifuged twice at 13,500 × g for 1 h to separate out the egg yolk lipoproteins as a thick, yellow, waxy plug. The plug was carefully separated from the subnatant. The supernatants were aspirated and filtered through a 0.45 µm membrane filter (Millipore SA, Molsheim, France) [9] .
Semen collection and dilution
Two shiba goats (goats A and B) were subjected to semen collection two or three tomes weekly by artificial vagina (41 C) fixed on a dummy doe. In preliminary studies, the semen samples collected into tubes without extender from goat A had intrinsically high-quality semen (average volume w a s 0 . 7 5 m l , m o t i l i t y g r e a t e r t h a n 8 0 % , concentrations greater than 3 × 10 9 sperm/ml, and teratospermia rates of less than 30%), while the semen from goat B had intrinsically low-quality semen (average volume was 0.77 ml, motility of less than 60%, concentrations greater than 3 × 10 9 sperm/ml, and teratospermia rates greater than 35%).
Ejaculates were collected into empty tubes (control 1) or tubes containing 10 ml extender supplemented with 0 (control 2), 0.1, 1, or 5% of bovine serum albumin (≥96% essentially fatty acidfree; Sigma) at 30 C. Immediately after collection, the tubes containing ejaculates were kept in a lukewarm water bottle at 30 C, transferred to the laboratory within 15 min (time elapsed before centrifugation and semen evaluation), and then immersed in a water bath at 30 C. An aliquot of the collected semen was diluted in extender to give a final concentration of 50-100 × 10 6 sperm/ml for evaluation of motion parameters without washing immediately after collection using a computerassisted sperm analysis (CASA) system (Hamilton Thorne Research, Beverly, MA, USA).
Freezing procedure and thawing of spermatozoa
The semen was processed and frozen using a modified procedure based on the two-step dilution pellet freezing method originally described by Aboagla and Terada [9] . In the first step, the semen was diluted with extender to give a concentration of 50-100 × 10 7 sperm/ml and was centrifuged twice at 500 × g for 10 min at 30 C. The pelleted spermatozoa were resuspended in egg yolk trehalose extender and adjusted to 400 × 10 6 spermatozoa/ml. Then, the extended spermatozoa were allowed to cool to 5 C within a 2 h. In the second step, an equal volume of egg yolk trehalose extender containing 8% glycerol was added to the first extended spermatozoa, resulting in a final glycerol concentration of 4% and final spermatozoa concentration of 200 × 10 6 spermatozoa/ml. This was then equilibrated at 5 C for 15 min before freezing. Finally, the spermatozoa were frozen in pellets for 1h on a dry-ice surface by dropping 200 µl volumes of the semen into holes engraved in the surface, and then the pellets were plunged into liquid nitrogen. Thawing was performed in a TCG solution at 37 C. Frozen semen pellets were diluted 1:3 into 0.6 ml TCG solution and allowed to equilibrate at 37 C for 10 min before post-thaw analysis.
Sperm motility assessment
The sperm motility parameters were assessed using a CASA system. The motility analyzer was set as described previously [7] . The obtained motility parameters were as follows: 1) motility was defined as the percentage of motile cells and 2) progressive motility was defined as the percentage of cells moving with VAP >25 µm/sec and STR >80.
The recovery rate was measured as the ratio of the sperm post-thawed motility parameters to the prefreeze values.
Thermal resistance test
Tubes containing frozen-thawed spermatozoa diluted four-fold with TCG were immersed in a water bath at 37 C. Samples were evaluated 1, 2, and 3 h after incubation to determine sperm motility and progressive motility.
Evaluation of sperm acrosome integrity
The acrosome status of spermatozoa was assessed with fluorescein isothio cyanateconjugated peanut agglutinin (FITC-PNA; Sigma) staining, as described previously [7] . Spermatozoa were categorized into three groups as follows ( 
Statistical analysis
Experiments were repeated three times, and the data was analyzed by analysis of variance (ANOVA) and Fisher's protected least-significant difference post-hoc test using the STATVIEW Software (Abacus Concepts, Inc., Berkeley, CA, USA). All percentage data was subjected to an arcsine transformation before statistical analysis. Data are expressed as mean ± SEM. Differences in sperm quality were considered significant when Pvalues were lower than 0.05.
Results
When the goat A and B semen were collected into tubes containing 10 ml of extender without BSA, their motility and progressive motility were higher than those of semen collected into empty tubes ( Table 1) . The motility and progressive motility of semen from both goats that was collected into tubes with 5% BSA-containing extender significantly (P<0.05) increased as compared with those of semen collected into empty tubes.
When semen collected from goats into tubes containing 10 ml of extender without BSA were frozen as pellets in egg yolk trehalose extender supplemented with glycerol, the post-thaw spermatozoa exhibited a small improvement in motility and progressive motility compared with those of semen collected into tubes without extender, but no significant differences were observed between them ( Table 1 ). The semen of goat A that was collected into tubes containing extender supplemented with higher concentrations of BSA produced a slightly improved tendency in post-thaw motility and progressive motility compared with those of semen collected into tubes containing lower concentrations of BSA. There were significant (P<0.05) differences in post-thaw motility between the spermatozoa of goat A that were collected into tubes with 5% BSA-containing extender and those collected in an empty tube. Semen collected from goat B into tubes with 5% BSA-containing extender showed significantly higher (P<0.05) post-thaw motility and progressive motility than the semen collected into tubes containing extender supplemented with lower concentrations of BSA.
In addition, although there was no clear tendency for the motility and progressive motility before freezing of semen collected from goat A into extender supplemented with any concentration of BSA, for the semen goat B that was collected into t u b e s w i t h e x t e n d e r s c o n t a i n i n g v a r i o u s concentrations of BSA, the pre-freezing motility and progressive motility were significantly increased with elevated concentrations of BSA, which were added to the extender in the semen collection tubes (Table 1 ).
In the case of freezing the semen of goat A that was collected into tubes containing extender supplemented with higher concentrations of BSA, the recovery rates for both motility and progressive motility slightly increased compared with those of semen collected into tubes containing extender supplemented with lower concentrations of BSA (Table 1) . Furthermore, in the case of goat B, the recovery rates for semen collected in extenders supplemented with elevated concentrations of BSA significantly (P<0.05) increased, with the best results being obtained when collected in the extender supplemented with 5% BSA.
When collected from goat A into tubes with 5% BSA-containing extender, frozen-thawed sperm maintained higher motility and progressive motility throughout a 3-h thermal resistance test at 37 C than semen collected into tubes containing extender supplemented with lower concentrations of BSA (Fig. 1A) . The semen of goat B that was collected into tubes with 5% BSA-containing extender also maintained significantly (P<0.05) higher post-thaw motility and progressive motility throughout the incubation period than those collected into the lower concentrations of BSA (Fig.  1B) . In contrast, freezing semen that was collected from goat B into empty tubes resulted in the lowest motility and progressive motility at all points during incubation (Figs. 1A and B) .
After freeze-thawing of semen collected from Pre-freezing motility and progressive motility were evaluated 170 min after collection (just before freezing).
3) Post-thawing motility and progressive motility were evaluated 10 min after thawing. Values are mean percentages (n=3) ± SEM. a-d Different superscripts within the same column denote significant differences (P <0.05).
goat A into tubes supplemented with 5% BSAcontaining extender, a significantly (P<0.05) higher proportion of spermatozoa with intact acrosomes was found as compared with that collected into tubes without extender ( Fig. 2A) . In the case of goat B, there were significant (P<0.05) differences in the proportions of spermatozoa with intact acrosomes after freeze-thawing between semen collected into tubes with and without 10 ml of extender (Fig. 2B) . When semen collected from goat B into tubes with extenders containing various concentrations of BSA was frozen, the proportions of spermatozoa with intact acrosomes were significantly increased (P<0.05) with elevated concentrations of BSA, which were added to the extender in the semen collection tubes.
Discussion
In the present study, the spermatozoa of semen collected from goat A into tubes containing 10 ml of extender without BSA tended to have higher motility and progressive motility before washing than those of the semen collected into empty tubes. In the case of goat B, significantly higher motility and progressive motility were obtained from semen collected into tubes containing 10 ml of extender than from those collected into empty tubes. These results are in agreement with our previous studies, in which semen collected into tubes containing a large volume of extender produced higher sperm motility, progressive motility, and acrosome integrity than semen collected into tubes with a lower volume of extender [7] . Concerning the physiological role of seminal plasma on the functions of ejaculated spermatozoa, Cross [10] discovered a detrimental effect of seminal plasma on sperm membrane integrity and identified prostasome as the inhibitory factor in seminal plasma, which is expelled from the prostate gland at ejaculation. Thus, it was indicated that reduction of contact between seminal plasma components, such as prostasomes, and goat spermatozoa at ejaculation by collection in extender solution exerts a profound effect on improving the characteristics of these spermatozoa.
When semen collected into tubes containing e x t e n d e r s u p p l e m e n t e d w i t h v a r i o u s concentrations of BSA was subjected to freezing as a pellet in egg-yolk trehalose extender including 0.04% (W/V) SDS and 4% glycerol, the post-thaw motility, progressive motility and acrosome integrity of the frozen-thawed spermatozoa were s i g n i f i c a n t l y e n h a n c e d w i t h i n c r e a s i n g concentrations of BSA, which were added to the e x t e n d e r i n t h e s e m e n c o l l e c t i o n t u b e s . Furthermore, using extender supplemented with 5% BSA for semen collection maintained a significantly higher motility and progressive m o t i l i t y f o r f r o z e n -t h a w e d s p e r m a t o z o a throughout incubation for a 3-h thermal resistance test than for those collected into tubes containing extender supplemented with lower concentrations of BSA. This data clearly shows that semen collection into tubes containing a large volume of extender supplemented with higher concentrations of BSA improves the freezability of ejaculated spermatozoa. To our knowledge, this is the first report of improving sperm freezability by means of a semen collection method. Several researchers have provided direct evidence that BSA, which in extender adheres rapidly to the sperm membrane at the moment of dilution [11] , modifies the sperm lipid composition through lipid exchange or hydrolysis [12] , promotes plasma membrane protein hydrolysis [13] , causes influx of Ca 2+ ions into the cytoplasm [ 1 1 ] , a n d d e c r e a s e s t h e c h o l e s t e r o l a n d phospholipid ratio in the plasma membrane of spermatozoa [14, 15] . Moreover, it is well established that cholesterol efflux from the sperm membrane induces enhanced membrane fluidity [16, 17] , while elevation of membrane cholesterol is associated with decreased membrane fluidity [18] [19] [20] . Thus, it is conceivable that cholesterol efflux from sperm membranes by BSA would enhance the fluidity of membranes. These findings combined with the present results show that there is improved freezability of ejaculated spermatozoa by collecting semen into tubes with BSA-containing extender. It can therefore be concluded that use of BSA in an extender for semen collection may contribute to extraction of cholesterol from the sperm membrane and lead to high fluidity of sperm membranes before freezing, ultimately enhancing the cryosurvival of spermatozoa. However, the acrosome reaction might not occur coincidentally in cases of collection of spermatozoa into tubes containing extender supplemented with BSA. After freeze-thawing of semen collected from both goats into tubes with 5% BSA-containing extender, a significantly higher proportion of spermatozoa with intact acrosomes was found as compared with semen collected into tubes containing extender supplemented with lower concentrations of BSA. This assumption is clearly supported by the results of Zeng and Terada [21] , who conducted an interesting study of cholesterol efflux in boar sperm membranes. They provided evidence that removing the membrane cholesterol by exposure of spermatozoa to cyclodextrin results in enhanced cryosurvival of spermatozoa, as judged by intact acrosomes and motion parameters. Furthermore, our expectations were also supported by data from Aboagla and Terada [22] , who showed that trehalose plays a major ro le in in creasing membrane fluidity and imparts greater endurance to goat spermatozoa against freeze-thawing damage.
Our study also indicated that semen collection into 5% BSA-containing extender results in sign ificantly (P< 0.05) higher m otility an d progressive motility before freezing as compared with semen collected into extender supplemented with lower concentrations of BSA. This supports the idea that membrane cholesterol is removed by BSA in extender, and that the resultant increasing membrane fluidity, as described above, may downregulate the susceptibility of goat spermatozoa to cold shock. In agreement with this hypothesis, Zeng and Terada [23] found that exposing boar spermatozoa to 2-hydroxypropyl-beta-cyclodextrin to deplete its membrane cholesterol results in enhanced the resistance of spermatozoa to cold shock.
In summary, the results from the present study demonstrate that semen collection into tubes with extender, and especially extender containing higher concentrations of BSA, dramatically improves the motility and acrosome integrity of frozen-thawed spermatozoa. These findings provide the first experimental evidence that the in vitro functional ability, and especially freezability, of epididymal spermatozoa is abruptly modified by flash sperm contact with BSA at ejaculation. Furthermore, it should be noted that semen collection into tubes containing extender supplemented with BSA fulfills a strong demand to improve and expand application of this semen collection method to other domestic animals.
